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(54) Fe-Cr alloy exhibiting excellent ridging resistance and surface characteristics 

(57) It is directed to provide an Fe-Cr alloy exhibiting 
an excellent ridging resistance and surface characteris- 
tic, comprising: 



0.01% (percent by weight; the same as below) or 

less of C; 

1.0% or less of Si; 

1.0% or less of Mn; 

0.01 or less of S; 

9% or more to 50% or less of Cr; 

0.07% or less of Al; 

0.02% or less of N; 

0.01% or less of O; and 

the balance being Fe and inevitable impurities; 

wherein the C and N contents satisfy the follow- 
ing equations: 

N(%)/C(%) £ 2, and 
0.006 < [C(%)+N(%)] < 0.025; and 
the Ti content satisfy the following equations: 
{Ti(%)-2xS(%)-3xO(%)}/[C(%)+N(%)] ;> 4, and 
FK%)]*[N(%)J * 30x10 " 4 . 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to an Fe-Cr alloy, exhibiting excellent ridging resistance, corrosion resistance and 
workability, for steel sheet having excellent surface characteristics. 

w 2. Description of the Related Art 

Fe-Cr alloys, such as ferrite stainless steels, having excellent characteristics, e.g. high corrosion resistance and 
thermal resistance, are widely used in various industrial fields, such as household articles and automobile parts. 
Because such alloys, however, have drawbacks in workability, and in detail, ridging, in other words, a surface defect like 

75 rough dry skin readily forms during press working of the thin steel plate, for example, such alloys are not suitable for the 
usage in which heavy working, such as deep drawing, are applied. 

Many attempts have been proposed to solve the drawbacks set forth above. For example, Japanese Unexamined 
Patent Publication No. 52-24913 discloses the improvement in ridging resistance by a specified composition, i.e., a fer- 
rite stainless steel exhibiting excellent workability which comprises 0.03 to 0.08% by weight of C (hereinafter "% by 

20 weight" is expressed as merely "%"), 0.01% or less of N, 0.008% or less of S, 0.03% or less of P, 0.4% or less of Si, 
0.5% or less of Mn, 0.3% or less of Ni, 1 5 to 20% of Cr, 2xN to 0.2% of Al, and the balance Fe and inevitable impurities. 
Further, Japanese Unexamined Patent Publication No. 7-18385 discloses an Fe-Cr alloy exhibiting excellent ridging 
resistance which comprises 3 to 60% of Cr, decreased amounts of C, S and 0, 0.003 to 0.5% of N, and the balance Fe 
and inevitable impurities. In such prior art, although the ridging resistance is improved by specifying the components, 

25 characteristics other than the ridging resistance are unsatisfactory. 

Additionally, Japanese Unexamined Patent Publication No. 55-141522 discloses a method for making a ferrite 
stainless steel with decreased ridging by performing hot rolling in which the slab heating temperature is limited to the 
range of 950 to 1 , 1 00°C. Although the prior art intends to decrease ridging by fining crystal grains at a lower slab heat- 
ing temperature, defects at the steel surface significantly increase since the heating temperature is lower than the rolling 

30 temperature. 

In the prior art, although ridging resistance has been improved to some extent as set forth above, such an improve- 
ment is not satisfactory in practical uses. Further, no material exhibiting excellent characteristics, e.g. workability, such 
as elongation and r value, and surface characteristics, such as corrosion resistance and packed scab, has been pro- 
posed. 

35 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an Fe-Cr alloy, exhibiting a significantly improved ridging resist- 
ance and excellent corrosion resistance and workability, for steel sheet having excellent surface characteristics. 
40 An Fe-Cr alloy in accordance with the present invention, exhibiting an excellent ridging resistance and surface char- 
acteristics, comprises: 

0.01% (percent by weight; the same as below) or less of C; 

1.0% or less of Si; 
45 1.0% or less of Mn; 

0.01 or less of S; 

9% or more to 50% or less of Cr; 

0.07% or less of Al; 

0.02% or less of N; 
so 0.01% or less of O; and 

the balance being Fe and inevitable impurities; 

wherein the C and N contents satisfy the following equations: 
55 N(%)/C(%) ^ 2. and 

0.006 <; [C(%)+N(%)] <; 0.025; and 
the Ti content satisfies the following equations: 
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{Ti(%)-2xS(%)-3xO(%)}/[C(%>+N(%)] > 4. and 
rn^lxfNWlicsOxlO" 4 

5 trn Jll Fe "° r a " 0y i " acc ° r l ance witn * e P re sent invention preferably further contains at least one element selected 
from the group consisting of Ca, Mg. and B in an amount of 0.0003 to 0.005 weight percent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

" *Sl^^ the co ' Telation between me rid9in9 resistance and me 

Figure 2 is a graph showing ttie correlation between the ridging resistance and the N/C ratio- and 
Figure 3 is a graph showing the correlation between the ridging resistance and the (C+N) content 

is DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present inventors have intensively investigated the achievement of the objects set forth above, and in particu- 
lar, the improvement in ridging resistance. First, experiments which have led to the present invention will be explained 
The ridging resistance was evaluated with various thin sheets in which the T, content is varied in the base comp* 

SToSEES a 5? ,T e a, , loy containin9 0 0032% of c - m * * 027% - Mn - "« - s. 

^ 5 tenS " 6 teSt pieCe was prepared from each thin 2°% * tensile strain was added to 
the test piece, each maximum roughness (R max ) in the direction perpendicular to the tensile direction was measured by 
a surface coarseness meter. The evaluation of ridging resistance was based on the following standard: 

25 Ridging grade 0.5: Rmax < 5 (im 

Ridging grade 1 .0: 5 urn <, Rmax < 10 pm 
Ridging grade 1.5: 10 urn < Rmax < 15 urn 
Ridging grade 2.0: 15 urn <, Rmax < 30 urn 
Ridging grade 2.5: 30 urn < Rmax 

The smaller ridging grade means smaller ridging size. 

inn n«l reS "! ^ ?' V* 1 demonstrates *» ridging resistance significantly improves, i.e.. the ridg- 
in S^Ih , S IE e " "! ° f ^( % )- 2xS W- 3 ^%MC(%) + N(%)] is 4 or more. The improvement in ridg- 
ing resistance is due to the carbonitnde formed by adding Ti in response to the C+N content 

i am N !? th6 J ? 9in9 n rasiStanCe " BB evaluated Wn Sheete ea* comprising either of 1 7.1 to 1 7.3 % of Cr-Fe alloy 
\ ^l C °J^! n,n9 0 41 10 a55% * SL 015 to 0 30% of Mn - 0 001 to 0 0 °3% of S. 0.003 to 0.005% of O and 0 ST 

™ > 1 " to ° ° 06% rt °' and 0 01 1 to 0 015% 01 the C and N contents are controlled so that 

rn{%)-2xS(%)-3xO(%)}/IC(%) + N(%)] ranges within 4 to 10. Results are shown in Fig. 2. F^e^nlSSaTrSg 

rSSSL iS 1 TTC N/C ^ ° f 1688 ^ 2 **" * the 11 °«« te «« ■» proved up ?o 

a ridging grade of 1 or less at a N/C ratio of 2 or more. 

Additionally, the ridging resistance is evaluated with various thin sheets which comprise a 1 7 8% Cr-Fe base allov 

£S^?^J!S *JS; 0 004% °L S - ° c 005% 01 °- and 001 1% * ^ «^«25SiS 

fTX A)-2xS(%)-3xO(%)}/fC(%) + N(%)] ranges within 5.5 to 7.5. the N/C ratio is 2 or more, and the C+N content is varied 
The resute are shown in Fig. 3. Fig. 3 demonstrates that the ridging resistance is improved when the N/C ratio is 2 or 
more and the C+N content is 0.006% or more with a controlled Ti content 

forthab^e Pr6Sent inV6nti0n iS aChieved tesed 00 the experiments set 

The reason of the limitation of the contents of various elements in the present invention will now be explained. 
C: 0.01% or Ipss 

*h JL 0 ? 0 " Sr Snt iS , 3n imP ° rtant faCt0r Preserrt inventioa A lower carbon is preferable in con- 

sriemtaon of worteb,lrty. e^g. elongafcon and r-value. and corrosion resistance. When the C content exceeds 0.01% Z 
above charaderist.cs are deteriorated. Thus, the upper limit of the C content is set to be 0 01% 
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Si: 1.0% or less 

Silicon acts as a deoxidizer and increases the strength, whereas a Si content exceeding 1% causes a decrease in 
ductility. Thus, the upper limit of the Si content is set to be 1 .0%, and the Si content is more preferably 0.05 to 0.7% in 
5 consideration of strength and ductility. 

Mn: 1.0% or less 

Manganese (Mn) acts as a deoxidizer and increases the strength, whereas a Mn content exceeding 1% causes a 
10 decrease in ductility and corrosion resistance. Thus, the upper limit of the Mn content is set to be 1 .0%, and the Mn con- 
tent is more preferably 0.05 to 0.7% in consideration of strength and corrosion resistance. 

S: 0.01% or less 

is Sulfur (S) generally forms inclusions adversely affecting the material quality and decreasing corrosion resistance, 
in particular, pitting corrosion resistance. Further, S reacts with the added Ti to form US, and thus decreases the 
amount of Ti effectively reacting with C and N. Thus, a lower S content is preferable. The upper limit is set to be 0.01% 
and more preferably 0.006%, because the effects set forth above are noticeable when the S content exceeds the limit. 

20 Cr: 9% or more to 50% or less 

Chromium (Cr) is an element for effectively improving the corrosion resistance and heat resistance of the alloy and 
is required in an amount of at least 9%. On the other hand, a Cr content exceeding 50% causes difficulty in production 
by rolling. Thus, the Cr content is set to be 9% to 50%. 

25 

AI:Q.Q7% pr legs 

Aluminum (Al) acts as a deoxidizer, and forms large inclusions when Al is added in an amount exceeding 0,07%, 
resulting in a decrease in corrosion resistance and the formation of scabs on the sheet surface. Thus, the upper limit is 
30 set to be 0.07%, and more preferably 0.05% in consideration of slag spot (slag inclusion) formation during welding. 

N: 0.02% or less 

v 

The nitrogen (N) content is an important factor, and a lower N content is preferable for workability, e.g. elongation 
35 and r-value, and corrosion resistance. The upper limit is set to be 0.02%, because a content exceeding the upper limit 
causes the deterioration of such characteristics. 

O: 0.01% or less 

40 Because oxygen (O) is an impurity, it is preferred that the O content is as low as possible. Much oxygen forms inclu- 
sions to decrease corrosion resistance and to cause scabs on the sheet surface. Thus, the upper limit of the O content 
is set to be 0.01%. 

N(%)/C(%) £ 2, and 
45 " — 

0.006 Z [C(%)+N(%)] < 0.025 

The correlation between the C and N contents must be limited for improving the ridging resistance as the primary 
object of the present invention. The ridging resistance significantly improves when the ratio of the N content to the C 
so content is 2 or more. Thus, the N/C ratio is set to be 2 or more. Further, when the C+N content is less than 0.006%, the 
ridging resistance does not noticeably improve even if the N/C ratio is 2 or more. On the other hand, a C+N content 
exceeding 0.025% causes a decrease in elongation and r-value. Thus, the lower and upper limits of the C+N content 
are set to be 0.006% and 0.025%, respectively. 

55 {Ti(%)-2xS(%)-3xO(%)}/[C(%)+N(%)] ^ 4, and 

Fi(%)MN(%)] ^30x10^ 

Titanium (Ti) is a primary element in the present invention and forms carbonitride to enhance the ridging resist- 
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ancfe At friesame time, since Ti readily reacts with S and 0, the Ti content must be set in consideration of the formation 
of TiS and T10 2 . As set forth in Fig. 1 , the ridging grade is 1 .0 or less, when fn(%).2xS(%)-3xO(%)}/[C(%)+N(%)l is 4 
or more. When the value is less than 4, the ridging grade is more than 1 .0. i.e.. the ridging resistance does not notice- 
aUy improve. The lower limit of the Ti content depends on the C, N, S and 0 contents, and is preferably 0 05% in con- 
sideration of the ndgmg resistance. By adding a large amount of Ti, stringer-type defects form on the sheet surface 
probably due to the precipitation of ooarse TIN grains. Thus, the upper limit of the Ti content is set so as to satisfy the 
equation: >fTi(%)]x[N(%)] <, 30x10 . 

At least one element of Ca Ma and B: 0 0003 to 0005% 

A trace amount of the addition of Ca. Mg and/or B can effectively prevent clogging of the immersion nozzle due to 
the precipitation of Ti inclusions which readily form in a continuous casting step of Ti-containing steel. Such an effect is 
noticeable when at least one element is added in an amount exceeding 0.0003%. On the other hand a content exceed- 
ing 0.005% significantly decreases corrosion resistance and. in particular, pitting corrosion resistance. Thus the lower 
and upper limits of the content of at least one element of Ca, Mg and B are set to be 0.0003% and 0.005% respectively. 

The balance is Fe and inevitable impurities. Ni. V, Mo. Nb. and Cu can be included as inevitable impurities within 
their respective allowable ranges, i.e.. Ni <, 0.3%, V s 0.3%. Mo s 0.3%, Nb s 0.02%, and Cu 5 0 3% 

The P content must be suppressed as much as possible, and preferably to be 0.05% or less, because P causes the 
embrrtHement of the alloy. 

so The Fe-Cr alloy in accordance with the present invention can be produced by any process described below for 
exemplification, but not for limitation. Steel making processes include RH degassing and VOD (vacuum oxygen decar- 
bur.zat.on) processes, casting processes preferably include continuous casting in consideration of productivity and 
qualrty. Any hot rolling and cold rolling processes may be employed to obtain a desired sheet thickness. Various prod- 
ucts, such as hot rolling sheets, cold rolling sheets, welding pipes, seamless pipes, and their surface treated products 

25 are available with the present invention. 

EXAMPLES 
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The Fe-Cr alloy in accordance with the present invention will now be explained based on Examples. 
EXAMPLE 1 



From Fe-Cr alloys each having a composition as given in Table 1 , approximately 200-mm thick slabs were prepared 
°l R H degassing and/or VOD processes, and a continuous casting process. Each slab was heated to 1 120 to 1 240 

35 C and then was subjected to hot rolling to form a hot-rolled sheet having a thickness of 4 mm at a finishing rolling tem- 
perature of 770 to 900°C. Each hot-rolled sheet was annealed for recrystallization at 800 to 1 .OOO'C, descaled with an 
aad, and subjected to cold rolling to obtain a cold-rolled sheet having a thickness of 1 .0 mm. The cold-rolled sheet was 
again annealed for recrystallization at 800 to 1,000°C, descaled with an acid, and subjected to various tests The test 
results are shown in Table 1. The surface finishing was based on 2B specified in JIS. Each test was based on the fol- 

40 lowing procedures: 

(1) Ridging Resistance 

A JIS No 5 tensile strength test piece of each sample was prepared from its respective sheet for ridging resistance 
evaluation. The ndging resistance was evaluated in terms of the ridging point as set forth above. A smaller ridging point 
means a smaller ridging (or higher ridging resistance). 

(2) r-Value 

Three test pieces for JIS No. 13B tensile strength test were prepared by cutting the sheet in L, C. and 45 degree 
directions, respectively. The r-values in three directions of each test piece were measured with 15% tensile strain The 
r-value in Table 1 is the average of r-values in three directions. 

(3) Surface Characteristics 

Stringer-type defects on the sheet surface were visually observed. The evaluation was base on the following stand- 
A: No defect (Good surface characteristic) 
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B: Slight defect (Slightly impaired surface characteristics) 
C: Many defects (Poor surface characteristics) 

Results in Table 1 demonstrate that each sample in accordance with the present invention exhibits an excellent 
ridging resistance and surface characteristics, as well as a higher r-value. 
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Table 1 - 2 
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No. 


N/C 


C + N 


Y-value * 


TixN 


Ridging Grade 


r- value 


Surface defect 




1 


2.07 


0.0227 


4.89 


0.002142 


0.5 


1.9 


A 


Present Invention 


2 


3.14 


0.0116 


14.6 


0.001672 


0.5 


1.8 


A 


3 


2.55 


0.0135 


14.8 


0.002037 


0.5 


1.8 


A 
r\ 


4 


6.05 


0.0155 


9.42 


0.002128 


0.5 


1 8 


A 
M 


5 


2.82 


0.0195 


8.67 


0.002736 


0.5 


1.8 


A 


6 


2.74 


0.0176 


7.84 


0.002064 


0.5 


1.6 


A 


7 


2.35 


0.0087 


7.36 


0.000549 


0.5 


1.5 


A 




8 


1.08 


0.0079 


19.5 


0.000738 


2.0 


1.5 


A ; 


Comparative 
Examples 


9 


2.64 


0.0P51 


21.6 


0.000481 


1.25 


1.8 


A 


10 


2.55 


0.0117 


2.91 


0.000504 


1.5 


1.3 


A 


11 


2.38 


0.0267 


8.31 


0.004512 


1.25 


1.3 


C 


12 


2.41 


0.0133 | 30.4 | 0.004042 


0.5 


1.3 


B 
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EXAMPLE 2 



Rom Fe-Cr alloys each having a composition as given in Table 2, approximately 200-mm thick slabs were prepared 
by RH degassing and/or VOD processes, and a continuous casting process. Clogging of the immersion nozzle in the 
continuous casting was evaluated with theK-value[= 1 - (inner diameter of immersion nozzle after casting)/(inner 
diameter of immersion nozzle before casting)] at a casting weight of 50 ton . Each slab was subjected to hot rolling 
35 annealing, descaling with acid, cold rolling and then descaling with acid to obtain a cold-rolled sheet having a thickness 
of 1 .0 mm. Surface finishing was 2B. M 

Each cold-rolled sheet was subjected to SST (saft solution spraying test according to JIS-Z-2371) at 50*C for 50 
hours using a 5% aqueous NaCI solution. Corrosion formed on the sheet surface was visually observed. The evaluation 
was based on the number of corrosion points formed in 100 cm 2 according to the following ranking: 

A: Corrosion points 2 or less 
B: Corrosion points 3 to 15 
C: Corrosion points 16 or more 



45 



SO 



Results are shown in Table 2. 

In Example 2, clogging of the immersion nozzle is not substantially observed and corrosion resistance is excellent 
As set forth above, the present invention can provide an Fe-Cr alloy which exhibits excellent ridging resistance 

compared with prior art alloys, and excellent corrosion resistance, workability, and surface characteristics. Thus the 

alloy is applicable to working parts which cannot be made of prior art alloys. 
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Table 2- 2 



No. 


N/C 


C + N 


Y-value * 


TixN 


Ridging Grade 


K-value 


Corrosion 
Resistance 


Remarks 


13 


2.51 


0.0214 


ft P7 

D.O 1 


U.UU^DUl 


0.5 


0.05 


A 


Present Invention 


14 


3.25 


0.01 19 




A ftA170Q 

U.UU I fdB 


0.5 


0.04 


A 


15 


2.55 


0.0135 


14 ft 


A AAOAO"7 


0.5 


0.04 


A 


16 


4.75 


0.0161 


8.45 


U.UUt i £iC5 


A C 

0.5 


0.05 


A 


17 


3.00 


0.0192 


7.76 


0.002448 


0.5 


0.07 


A 




18 


2.27 


0.0147 


11.0 


0.001938 


0.5 


0.06 


C 


Comparative 
Examples 


19 


2.95 


0.0150 


10.8 


0.002016 


0.5 


0.04 


C 


20 


4.48 


0.0115 


15.9 


0.000188 


0.5 


0.05 


c 


21 


108 


0.0079 


19.5 


0.000738 


2.0 


0.7 


A 


22 


2.64 


0.0051 


21.6 


0.000481 


1.25 


0.04 


C 


23 
* Y- 


2.55 
value = 


0.0117 


2.91 


0.000504 


1.5 


0.38 


B 
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Claims 
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An Fe-Cr alloy exhibiting an excellent ridging resistance and surface characteristic, comprising: 

0.01% (percent by weight; the same as below) or less of C* 

1.0% or less of Si; 

1.0% or less of Mn; 

0.01 or less of S; 

9% or more to 50% or less of Cr; 

0.07% or less of Al; 

0.02% or less of N; 

0.01% or less of O; and 

the balance being Fe and inevitable impurities; 

wherein the C and N contents satisfy the following equations: 

N(%)/C(%) ;> 2, and 
0.006 <; [C(%)+N(%)] <c 0.025; and 
the Ti content satisfy the following equations: 

{Ti(%).2xS(%)-3xO(%)}/[C(%) + N(%)} * 4, and 
m(%)]*[N(%)]<; 30x10 * 

Z^rSln^Z^ C Sa^ COnWn8 * ^ °" e e,ement *«n *» 

group consisting of Ca. Mg, and B in an amount of 0.0003 to 0.005 weight percent 
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FIG. I 
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FIG.2 
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